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vesicles, eyes, lens and olfactory placodes. Only anterior neural
organs were generated. Under these culture conditions ERK
became diphosphorylated, indicating a sustained activation of
the Ras/MAPK pathway. Addition of U0126, a specific anta-
gonist of MEK, the enzyme that phosphorylates ERK/MAPK,
inhibited neural differentiation. We conclude that neural
induction in the absence of organizer is mediated in Ambys-
toma maculatum by MAPK activation. These findings provide
a molecular explanation for the activity of heterologous neural
inducers described by early experimental embryologists.
doi:10.1016/j.ydbio.2007.03.187
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Integrating cell–cell signals: Duration of the Smad1/BMP
signal is regulated by GSK3 and MAPK phosphorylations
Luis Fuentealba, Edward Eivers, Eddy De Robertis
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Los Angeles, CA, USA
During gastrulation, the vertebrate embryo utilizes a com-
bination of signaling pathways to achieve neural induction.
In Xenopus embryos, the inhibition of bone morphogenetic
proteins (BMP) by antagonists such as chordin and noggin,
in the Spemann organizer, leads to dorsalization of
mesoderm and neutralization of ectoderm. Remarkably,
neural induction can also be achieved through activation of
the Ras/MAPK pathway which resulted in the phosphoryla-
tion and inhibition of the BMP signal transduction factor
Smad1. Upon further analysis of the linker region, we
identified that Smad1 is also phosphorylated by GSK3, a
serine–threonine kinase involved in signal transduction of
the Wnt pathway. This is of particular interest since in-
hibition of the Wnt pathway is required for mesoderm
dorsalization and neurogenesis. We found that GSK3
phosphorylates Smad1 which requires a priming phosphate
provided by MAPK phosphorylation. Phosphorylated Smad1
is then recognized by the E3 ubiquitin ligase Smurf1 which
targets Smad1 for degradation by the proteasomal machinery.
The results suggest that three separate pathways, BMP, MAPK
and GSK3 might be integrated at the level of Smad1
phosphorylations.
doi:10.1016/j.ydbio.2007.03.188
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Modulation of BMP and nodal signaling pathways and
Xenopus neural crest development by TRAF4
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The tumor necrosis factor receptor-associated factor or
TRAF family of proteins relay signals from cytokine receptors
to downstream effectors to affect apoptosis, inflammation, im-
munity and cell proliferation. The TRAF family consists of six
proteins, TRAFs 1–6, and with the exception of TRAF4, all
typically function in tumor necrosis factor (TNF) or inter-
leukin/toll-related (IL/TLR) signal transduction pathways. The
function of TRAF4, in contrast, is poorly understood. In this
study we show that TRAF4 overexpression in Xenopus em-
bryonic animal cap explants enhances signaling by both nodal
and BMP pathways. Conversely, blocking TRAF4 reduces
signaling by both pathways, revealing that TRAF4 acts as a
positive effector of BMP and nodal signaling. Embryonic ex-
pression of TRAF4 is maternal but later localizes to the nascent
mesoderm of the early gastrula, and at neurula stages TRAF4 is
expressed in the head neural crest and other anterior neurec-
todermal tissues. Misexpressing or blocking TRAF4 disrupts
formation of anterior neural tissues, particularly the neural
crest, implicating TRAF4 in neural crest fate specification. At
the mechanistic level, we show that TRAF4 interacts with the
E3 ubiquitin ligase, Smurf1 resulting in TRAF4 degradation
via ubiquitylation and the 26S proteasome. Smurf1 in turn may
be regulated by ubiquitin ligase activity ofTRAF4. Since a
principal function of Smurfs is to inhibit signal transduction by
TGFβ family receptors, Smads and transcription factors, our
results suggest that signaling in BMP and nodal pathways are
in part be governed by a cross-regulating, dual ubiquitin ligase
system.
doi:10.1016/j.ydbio.2007.03.189
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Epithelial Alk3-mediated BMP signaling is essential for
mouse lung development in vivo
Wei Shi, Jianping Sun, Hui Chen
Developmental Biology Program, Childrens Hospital Los
Angeles
BMPs play important roles in regulating lung development.
However, the molecular mechanism of BMP signaling in
regulating lung formation is not known. Alk3 is a BMP type I
receptor that transduces the regulatory signal from cell surface to
intracellular components. Expression of Alk3 was first localized
in airway epithelial cells in developingmouse lung. The function
of endogenous Alk3 during mouse embryonic lung development
was therefore determined using a lung epithelial-specific
conditional knockout mouse model. By crossing an SPC-rtTA/
TetO-Cre transgenic driving line with a floxed Alk3 mouse line,
Alk3 gene was specifically knocked out in lung epithelial cells
by giving doxycycline induction from different developmental
stages. Abrogation of Alk3-mediated BMP signaling in mouse
lung epithelia from the beginning of lung organogenesis (E7.5)
or from late gestation stage (E17.5) resulted in similar and severe
neonatal respiratory distress, accompany with collapsed lung
structure. In addition, E7.5-induced Alk3 knockout also caused
retardation of lung branching morphogenesis at mid gestation
stage. Further study found that lack of Alk3-mediated BMP
signal in lung epithelial cells resulted in reduced mid-distal
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epithelial cell differentiation and increased cell apoptosis, as
shown by changed cell morphology, reduced expression of lung
epithelial markers (CCSP, SP-C, AQP5), and lack of surfactant
secretion. Therefore, these data indicate that Alk3-mediated
BMP signaling, particularly during birth, is essential for neonatal
respiratory function by promoting peripheral lung epithelial cell
terminal differentiation and linage maintenance.
doi:10.1016/j.ydbio.2007.03.190
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Genetic analysis of BMP-mediated cell survival in the limb
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To study BMP signaling in the developing limb bud mesen-
chyme, we conditionally inactivated the Bmp receptor gene,
Bmpr1a, in a wildtype or a Bmpr1b−/− background using one
of two Cre lines, Ap2-Cre (active at E9.5) or Osr-Cre (active
interdigitally). Skeletal elements are lost distally in Ap2-Cre;
Bmpr1a mutants and such loss occurs more proximally as
BMP signaling is further attenuated by also removing Bmpr1b
alleles. We attribute these phenotypes to aberrantly high cell
death starting at E10.5, resulting in a smaller progenitor
population for formation of skeletal elements, indicating that
BMPs can act as cell survival factors for the early limb bud
mesenchyme. Alternatively, during interdigital development at
E12.5, loss of BMP signaling causes a decrease in cell death and
hence syndactyly after birth. In recent published work we have
shown that BMP signals indirectly control interdigital cell death
by controlling FGF signaling from the bud apical ectodermal
ridge (Development, in press). However, AER-FGF signaling is
unaffected in Osr-Cre limb buds, indicating that BMPs can also
directly control interdigital cell death. Together these data
indicate that BMP signaling in different subsets of the
developing limb bud can have different effects on cell survival.
doi:10.1016/j.ydbio.2007.03.191
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The role of Sprouty in regulating cell proliferation during
ocular lens development
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Lens cell proliferation, differentiation and survival are tightly
regulated to achieve the normal developmental pattern and
structure of the ocular lens. Growth factors are the key regu-
lators of these cellular events, but very little is known about
their signaling pathways in the lens. In the past, we demons-
trated that small GTP-binding protein Ras is required for cell
proliferation but not for the initiation of fiber cell differentiation
during normal lens development. In this study, we used trans-
genic mouse technique to assess the role of Sprouty (Spry) in
receptor tyrosine kinase (RTK)-activated Ras-ERK pathway in
mouse lens. Expression of Spry 1, 2 and 3 were detected in
mouse lens by reverse transcriptase-polymerase chain reaction
(RT-PCR) during normal development. By expressing Spry2 or
dominant negative (dn) Spry2 in the transgenic mouse lens, we
found that Spry2 functions as a negative regulator to control
lens epithelial cell proliferation but not differentiation of the
secondary fiber cells during lens development. Western blot
analysis indicated that ERK (but not Akt) activity in the
transgenic mouse lenses were affected. Genetic crosses between
the Spry2 mice and transgenic mice overexpressing PDGF-A or
FGF-3 in the lens indicated that Spry2 is capable of blocking
cell proliferation induced by these growth factors. Our data are
consistent with the hypothesis that Spry2 functions as a negative
regulator of cell proliferation, potentially contributing to the
establishment and maintenance of the monolayer structure of
the lens epithelium.
doi:10.1016/j.ydbio.2007.03.192
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Numb protein isoforms differentially regulate Notch1,
Notch2 and Notch3
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Signaling through Notch1, Notch2 and Notch3 regulate di-
verse cellular decisions during development. Numb is a
cytoplasmic protein that inhibits Notch. There are four proteins
isoforms of mammalian Numb that arise through alternative
splicing. It has been reported that Numb mediates the ubi-
quitination of Notch and blocks activation of the bHLH Orange
repressors. In the somite, as in other developing tissues and
organs, Notch1–3 and Numb overlap in expression. In order to
understand this complex signaling milieu, the inhibitory effect
of the different Numb isoforms was determined for each Notch
receptor. Experiments were done to examine whether all three
receptors were targets of all four Numb isoforms using a
4XCSL-Luciferase reporter. These studies demonstrated that
Notch1 is targeted by all Numb isoforms, Notch2 is variably
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